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# flt^S ^lS-Bl ^ ZL^J^ HS^I « 0 >^ {NON-VOLATILE SEMICONDUCTOR 

MEMORY DEVICE AND PROGRAM METHOD THEREOF} 

£ 4fe -g- ^^^1 4€- £■ 3^ «Vi^l *I|S.E] J±<*}^ Ir^-E; 
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100 : ■& fl*^ °fl2-e) 

110 : DflS.sl € 

120 : i^^l 

130, 140 : c]3cl SjS. 

150 : ^ 3E|S. 

160 : & 2fl*l ^S. 



<17> a. a}£^l uflael #*1-&<*(| 55^5., # 3 ^-^^^.S-fe f5-ri^ 

(self-boosting scheme)^- -§-^r Ir fl^ #51*11 ^S.^ #*1 ^ ^-^^ ^ S::L 

<is> uV£^) DflS-Sl cflolE^ ^7]^o.S. dbTl ^ 

5« 7>^*1 *flS.e| tfl$ A^7> ^^>^ #7>5)3l 9X^r. **5- 
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E) H ^17> NAND^ €Hfl^l "\}3-^ ^MH^. 4$l -.2.5*1 ZLCflS. 

^l^>7l nfl^-oll , zieitt f-2fl A l ^12.^ ^>7l ^ 5^ # 

• Ml* ^-tfl-g- #^71, ^^-§- 3^3, ^)°fl >M"§-£U ^ 

<19> ^ jfl^ aK£*fl ^]S.el ^lS-H, NANDU #31*1 ^13-3 tf^lfe #713°. 3. ^7^ 

s^a^ 7>^t!: # -€1- (Electrically Erasable and Programmable Read-Only 
Memory cells)-!: £ W , "€31*1 EEPR0M 4*"°1^ ^i}. f-^<^, #31*1 
EEPR0M ^1-2-H} H^l^l ^--n- TlMH H^^l^^i (floating gate 

transistor)* . #7l B^^fe 7l*°.3.*l i^l <^1 3*sH. *1 

3. l!:^ ^ H.&ll^ (N-type source and drain 

regions) , i-2.i ^ ^-31<?1 *}o)9) ^ <3<3 #°fl 3*1*VH #*r€"# 

^ « o. ^ojE (floating gate), =L?)JL ^-fr A}o)B. *J-°H 

(control gate)* 5.^-tr r T. 
<20> u£c^ ^sflA] ^2.iq ^12.51 4 <H ell °1 # Xtf^M, °1 31 °1 ^ 

z| ^ ^ : ^Bfl e igxl^Ei^.*] ae^ a}e» H^l^l (string select 

transistor), 2 *i^ H€*1^S*1 3*1 *i^ H^^l^i (ground select 

transistor), iH^ $ 3*1 ^ *}oH 4^ 

S.E1 iH^ B^l^l^ tfl-§-*Hr U 1S el-^^l <g^^ =eflo] 

^ iH^ *i2} 2r^I (string select line)°ll Tfl 
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o}^_% ^v^-cf . H^^I^e.^ ^-f- ;£2i (common select 1 ine)°l] ^4 

£ =£2.^ 3*1 (ground select line)°ll TlMBl- ^fe^f. — — ^ 

a^em H^^l^Ei^ 4i2i ^ 3*1 ^ 2=31*1^^ ^efl<y A>o}oil^. 4^ 7 fls1 pfls. 

<21> ^7lofl, nH £ <« , "3V^ ^ €<£* ^€4. ^12-^ 



(cr^ (ofll- 1-^, 20V)* < ?]7>f-^-S.^ ^lS-Sl 4°1 ^ ^ 

^ *}<y-°.3. ^Sr^^f. i-M^l (SEfe #^3*1 ^12-3 ^ 

<22> ^Bfl^ fle ^o]6\) 0^4^ ufl^e) 41" ^ ^ (°l*h "S^li *fl2el 

jq. hs-zl^I-jl i~H*l ^lae) €1- (°l*r, "ssn^ ^*1€ ^l2el ^"°l5r 

oj-oi o]7HJ tifl, *\}3-?l °We} -Sd^€ 4|2 

x] ^5.zz.^£- "^SZL^ t^^&l w." (program disturb)^ ■sr^ c f. 

(self -boosting scheme)* °l-§-*r HSa^ ^1 « 0 v lH4. €5^^ 
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ol-g-tb BS.^ ^1 w o v ^^r U.S. Patent No. 5,677,873^1 ""eHr ^Jl 
U.S. Patent No. 5,991,202<Hl »»2Hr ^<LsL 7^}S\^\ ^^S. 2.®^. 

^olcf. *m (GST) $\ Tll^B^ 0V^ ^ISM: «?!7>-to.S.>H 

^^1 7$S.7\ ^91 Hl# BLOHl^r 0V^ ^7>^ZL, 

«1B HIS fr^, BLl)°fl^- HSZL^ ^1 (program inhibition 

voltage)^*! 3.3V S^r 5V^ ^ (VccH 9\7}^, , ae^ s^-oj 

(SSLHtt #Q (VccH < ?]7>^cf. tilH 2f<?l (BLlH — — ^ ^ 

^ HM^M (SST)^ i^i7l- (Vcc-Vth) (Vthfe iB^ ^ B31*l^^ ^ 
^.y-)^] ^SjjL, ZL t|~g-ofl til^Eflsl tilH (BLD^l ^ H^l 

(SST)^r (SE^-, ^ -2.5.^14). ^€ Sr°J HI* M , 

WL14H (VpgmH ^17>£1J1 «1^ fl = 5}<?1# HI* WL0-WL13, 

WL15H sfli (VpassH z|zl- ol7}^<Hl 4^, ^1€ ^ 

^ (VpgmH ^1*1H -^^tf. ^3.ZL^ a"*l€ € H^l^ 

o] Jf ^«g-^r 6>2fl^l ^r«H 14 ^4. 



<25> 

v ^ = ^^-^ + v 

[^UHl 1] 



_ Vcc~ V th , v c_t — 
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<26> o}7H, $1 = e}-o] ^ q-Ej-iflji, vthfe iB^ B^l^i^ S-^ 

cf. ct^ "11 2-21 B^li^ %■ ^2flA]^il- M-E^tfl^ , (Conoll 

Ctun)^m-. 

<27> ^ H^l^s} *ll <H " 711 °1 H. ^1 ^^^l ^Wtftys., 

oHl F-N E^^o] ^7)^1 ^711 ^H^H, H^^liE^ S7l^ 

<28> tJ-E- 7l#^r 5.^ ^iS-^-i^ (local sel f-boost ing scheme)^: °l^-t!: 5. 

SZL^ ^ h o >^o14. 5.^ ^H-Jf^ ^^1^- oj-g-^- H-SZL^ ^1 U.S. 

Patent No. 5,715, 194<^1 "BIAS SCHEME OF PROGRAM INHIBIT FOR RANDOM PROGRAMMING IN A 
NAND FLASH MEMORY'^ A^^-S. O.^JL U.S. Patent No. 6, 061, 270<i "METHOD FOR 
PROGRAMMING A NON-VOLATILE MEMORY DEVICE WITH PROGRAM DISTURB CONTROL"^ A^°- 
7l]Al£lol ^l^eiiS. i^t}. 

<29> ^-ic °l-g-?}- « 0 >^ol £ 21- % V 2:^H °1*> 

*1 ^3 oltf. ^7-1, *!i»^J «1B ^"il Hl-fr 1:^, BLOH^ 0V^| ^^^l 

<£7}s\lL, wl^d^^ «1H 2}<?1 Mil- 1-^, BLD^l ^ ESa^ ^-^1 ^i^O-S.^ 3.3V S 
^ (VccH ^7>^4. ^ 5}ol (sSLHl^r (VccH 

6l7}sl7l nfl^oll, «1*}^ wis e^-o] (BLl)oll B^l^ (SST)^l 

4i^^7> (Vcc-Vth) (Vth^ iB^ H€*l^£lSl ^ ^ < 3-)?>*l ##€4. 
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21-^1 (BLlH iH^ H€*l^i (SST)7> *r#(5Efe 

<so> HElJl, flS. e}o] WL14)°fl ^1 °I ^ 27fl^1 «l^d^^l $|H 

o]§ (ofl-i- WL13( WL15H^ 0V^ ^1-^ w cM (decoupling voltage) (Vdcp) 

o] z|z}- o]7>^cf. uj-^^l a] ^ em ^ = 5^* (ofll- -t'd, WL0-WL12)ofl^ sfli 
(Vpass) H# 10VH ^4 <^7m4. II ^71 a}e»£ B^H ^ 

^ (VpgmH ^l7>^t+. °l&|tr tij-oi^^ ^ofl Esn^ € — 

31*1 ^^tt «l*l^€ 5+^1-^1 € H^l^Bl 

S-ofl £|*<H ^tr^M nfl^-6j| f HSZL^ ^1 E^iElSl ^tfj *fl\| ^ 

*fllg ^ oj7l ttfl^r^l n-WlB tflolBl (n£r 2 S^r ZL ^.Cf €" *r)* *1 

<32> ^tiV^^S., S^n^l nflS-e) ^ e^^j^E^ Jf-f}- 7llolH5l ^^A]B]ti. 

(capacitive coupling)^: **fl Si 3$ € 2= 31*1 ^3 S3 ^-ff TfloUM €^ 
o)| <*j%V-§- ta-^c]-. ^l^^ "Effects of Floating-Gate Interference on NAND 
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Flash Memory Cell Operat ion"^fe *■« (IEEE ELECTRON DEVICE LETTERS , VOL. 

23, NO. 5, MAY 2002)41 XM3<H Sft^. * M*}, -7l§ 

S.ej ^ %i^-)ofl 5a°H, £■ 341 £^ ^r^r nflS-iM >i H$ 

H ^ *fl\i CSH SE^ ti>cq) a>o] oil , 7l§ *fl5LE| H H 31*1 ^3 -¥--n- 

<4 o]^*V uflael 4 H^^l^^lrS) Jf-fi- 7lHB# A >°H1 ^1-^ ^^l 1 ^ (Cono, 

Cfg, CtlUlH AA ZzAtt. °13* 31 ^ 71$ iflS-Bl 4 S€ 

^l^sl ^--B- 7flc>iH^ °J1hi- 

< 33 > ufl2.el B^l^l^^^l 7fl°lH°ll tflt!: (coupling ratio)^ *r 

<34> 

r 

^ quo 

^ tun ' ^ cmo ' ^ ig 

2i 

<35> <*|7H, Cono^ *1H 711 °1 B.-^tt Tll^lH TlsflAlBi^ (control gate-to-floating 

gate capacitance Hi, Ctun^r Jf-fr TlHB-^Vt Ti^l 1 ^ (floating 
gate-to-channel capacitance)^^, Cfg^r Jf-fr 7fl°lJ=-^--fr 
(floating gate-floating gate capacitance) 0 ^. 

<36> ZLElJL, 7]& nflS-Sl H E^iE^ Jf-fj- TflolH^l tfl^T ^f^lfe- 3*r 

<37> ^ 

3] 
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<38> 1^ W]^en^ $Je ej.oloj] ofl^e) H 314^43 tIHB^ ^ 

(Vl)£ ^44 44 £4. 



<39> 

^ tm T ^ cmo ' ^ it 

4] 

<40> <^7H, Vcgl^r TflolH^l ^l7>^ 3<£ ^, ^ 4<?H Sl7V3fe £ 

tf°14. 

<4l> *fl 2£) $| = 4 < *l°fl *fl2.Sl 4 H^fl^l^^ ^--H- TflojH 

^ ^4 (V2)£r <^44 54 £4. 

<42> 

Va— 7<mo v es2 — f _l OP 

5] 

<43> ^7H, Vcg2£r *)]<H 7flolB^] ^7>^ ^, W] ^ i» £ £|i= ^^ofl o]7>S)^ # 

^14. 

<44> 44*1, 71$ 4 H^l^i ^ TflojH^ ^ (Vfg)£ ^44 64 

<45> 

[^4 6] 

<46> l = y c v ^°11 4^-^, -y^^l £1 = 4*?} 1:^, WL14H^ ESn 

^ (VpgmH ^71-sIji, ^4 31= efojofl ^o]^tt 27fl^ u]^^^ $|e 4^1" 
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(WL13, WLlSHfe OV^l ^ (VdcpH AA °J^4. °13tr *d 0 J- 

V & = r 0M V psm (WU4)+ r «.7 ft V d<T (WLi3) + r«.r ft V dtp (WLl5) 

7] 

<48> ^ ^oj^ (WL l 3) WL15)ofl OV^l *i«?H o] 7 >£l7l , 0V7> S) 



<49> SMS] ^ofl rc|.s^ f 71^ "115.3 € TflolB^l ^ (VfgW 

oj^ofl fl^^j. TflolES-o, ^<y-l- (VI, V2)ofl ^1 ^^>7l 3-% H 

Si 4 H^l^Sl Jf-fi- TllolB^l tW^-* ?1#^1 ^«fl^ d ^oV^7l nfl 

<50> "olHSl^S. ^i^j (increamental step pulse programming 

(ISPP) scheme)* *l-8-*H HS^Hi **** ^**Ks- ^ «W ^3 tf*^ * + • 
aVj^S^ HS-n^ ^°1# ^ (Vpgm)£r, <« S^S. 0.5V*! 14.7V°lH 

^<23 o.S ^7}^cf. ISSP *>**rfe ^-f , AH!- *7K=- 

JS.4 HSZL^ ^-sr Jl^M , 1^ ^ slS. (^1, ^H)^l £3 f^V 
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<51> 



(J±4 ^ ji^^-i- <£7] JL#<& (pump stage) ^ ^7>£l<>| 0 > DO 



eqc ^ojs-oll z}-z}- <g^£lfe ^12-^ ^ B^*!^*^ 4^ iH^M 



*}t= ^ #H*H ^£.3 #*1^ ssn^ «<HH ^71 *fls.Bl H$ 

i-tilH ^H^l* 7H^W4, ^^-ylH = 3.:^ 

^ol^*> 2H5E. *H 2 $1 = ?1€^ #«?H ol7>£lJl ^"71 *H51 

4-g-ofl, ^7} 4 1 flH. HsL^ ^€4. 4*1*1 3^ ^l^l 

<53> c^H, ^-71 ^1 y o^l fe*, ^ 

4>7l Sfli £#£.t\. fcl*. ^71 7^ ^*1 3*1 ^ ^ ^ ^ ^ 

°14. 
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A o V ?l 1 3*1 ^"SW^ tf^l *fl 2 (VcC"Vth) (Vthfe ^ 1 

<56> i£igcq uflEl #2flA] oflS.^ 1H> V £ -tH-f^ 5^4. 



(coupling voltage) (*fli ^J±4 zl^ji ^3 3 = aHH 

(decoupling voltage) M. 0VH ^ ^7^4. ^€ 4]H. °H 

£5] ^ 5^71^0] Jf-fr TflolH^l ^i^* € 

^EKl-)^ Jf-fi- TllolH ^oj-ofl Ojtg=,g. tiV0 0 j ) ZL ^jzj- ^e»5} flS. £}-<?H °11 
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< 57 > £ 4^r W>^^*V ^*HH Oj-S. uflc*g l-BflA] oflS.^ Jta^fe 

^.s-^olcj-. £ 41- ^ofl 4s. vflc^ f-BflA] ufls.^ (100)^ °fl2- 

el il <H3H (HO)* iW^, "Ha. si 4 <^3H (HO)fe- 4^ ^ «ib s^IS- 

(BLO-BLmH AA ^ H iS^t (ST)* SL^W. 4 € iS^ (ST) 

* *fl 1 ^ B^^l^^S^ iH^ ^ H^^li^i (SST), all 2 ^ 2=31*1^ 3*1 
^ gg| H^l^Bl (GST), =L^H £ 3*1 ^ B 32*1^1* (SST, GST) *V 

o)6\] c^ll- s.^, I67fl2l Pfl2.el 'il- (M15-M0)3. ^€4. — 

H^*]i£l (SST)tt tfl-§-^ alH b**H ^^^1 ^ iH^ -id^ ^tl 

(SSLH A °1 H» SHr^r. 3*1 ^ B$*l^Bl (GST)^ iS-i ^ 

(CSL)<^1 ^^'^ 3*1 ^ ^ (GSL)ofl <S^€ A °1 Hi- SHri}. — # 

^ H€*1^1 (SST)^l ^ 3*1 ^ H^fi*liBl (GST)^l 4°Hlr 

7flSl ^fisl i9-i- (M15-M0)ol ^sH, 4 4 — (ST)^l ^s.^ €1: 

(M0-M15)^r tfl-§-*>^ flH. el-^ll- (WL0-WL15H zj-z}- <=1^^^-. 
<58> M}-^ofl nj-s. pfla.e| ft^ ^r^-tilH til °1 E l I" *R^r^ #^-3l , t €3. ^ 

^ ojc}, stfe a. ^ofl tr^ oils. 51 n-tilB 31 ol El 1- *H^Hr HBl-efl'S 

<59> y]B el-^-i- (BLO-BLm)^r #*1 3? 31*1 ^IS. (sense and latch circuit) (5E^ ^1 

ol^l ^3] 5lS(page buffer circuit)) (160H1 <£%^. #*1 ^ efl*l 33. (160)^ 

4. ^-^1, zj-^i ^ efl*l sis (160)^ ^l^S^-El ^£l^ HSU^ 

cflolEl alB** 2fl^l*>Ji, efl^l€ HH^i y lBl-^l t^el- hIb el-^11- (BLO-BLm)S. 0V 
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#31 #°J- (Vcc)^g- ^4 afl* #*1 ^ efl^l slS. (160)Sr ££2 

^ ^ B^^l^E^ «1B e^Itt ^ (Vcc)# ^^H, 3. ^4 

2.S,zl% ^1 nflssl >i B 38*1^ 3 *fl^£ (Vcc-Vth) (Vthfe ^B% B$*] 
iE ^o) o.Ei ^oj.) o_ s ^^l^cf. gj sfl^l 41 s. (160)fe ESa^l *||2.5l 4 H 
^fl^l^Ei^ «1B eKHfe OV-fr ^-^-^H, ^ ^4 BB:z^€ °ilH.^ <i B^l^S} 

71 °1*H ^«9^4. 

<eo> 7}l^*lH £ 41- -g- \H=^ #efl^l xflH.s| (100)fe 

3? 3. (120)1- IM 0 ! , 5]S (120)fe ^ (SSL), 

(WL15-WL0), heIjl 3*1 &q (GSLH ^4 4^ 7 fls] sfl^ B^^l^l- 

(PT17-PT0)# B#W. 187fl^ 2fl^ B^l^iM* (PT0-PT17)£r XI 1 ^ST^ 2] 5. 
(130)S^-B| XH ^31 (GWL)°fl € f/15€4. XH 

(GWL)tt ^Atl — el- SI (BBZL^ ^(Vpgm), sfli ^(Vpass), 

$7] ^^(Vread), ^ (Vcp), ^-)<X ^£*1 #°*M: SHrth 

$ ^ gj-o] (SSL), $)H # (WL15-WL0), HE)ji ^x) e}°l (GSL)£r 
33. (120)1- ^g-sfi XI 2 ^3C] sis. (140)^1 "S^ 1 }. XI 2 ^sci s}3 (140)fe 

^B°fl -g-^-^H -£] — eKl-I- (WL0-WL15) # ^l^^Jl, 
(150)3^-E| fl = B}<y ^<y-s. (ofl^. v P gm, Vpass, Vcp, Vread)^- ^^4. 3 

^ 3)B (150)^ B5.zz.ig ^<g- (Vpgm)-i- M*Kr B3.zz.ig IMM (151), 

sfli (Vpass)^: iH^Rr Xl^ IHM (152), (Vcp)-i- ^^Hir 

X*^ #^7l (153), zz.e]JL =■# (Vread)^r t^*Hr 
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(154)1- if-^. °1 *Ht4|XI £ <&3?1 w>^- ^o], 

= 3.11^ ^ (151), X)i !HM (152), H^Jl ^^7] 

(153)tt Jl^ 0 ^ <X-8-«H n 2 "^* *r S^. 

<6i> ^7}*\, (120), XI 1 t^sci 3^- (130), zlb^JL XI 2 C]3C] flS. 

(140)rr *S ^ s]^ (row selecting circuit)* ^^tr^. ^5.3.^ ^€ 
c ej-oi (tc^ i $|e 5^o])o.5. ESn^ (Vpgm)^- -g-g-^M <X*H , *m 
$3. (120, 130, 140)Sr XI 1 $1 = S^H 3*13$ 3<XS. *VM"^ 3^ 2**1 (S^r X) 
2 fl= ej-«i)o.S 7i€^ (Vcp)-a: ^^ r Ji XI 2 fls. e}*H 3<?13tr ^ ^91 
(SE^r XI 3 $1 = 9]^^ (Vdcp)^r ^^l* ( 

X| 4 Eq-o]l-)S X|i (Vpass)* ^trcf. (Vdcp)^r 

71 ^<y- (Vcp)3f 3fl^ ^ (Vpass)iL4 (Vcp)£ a oM # 

(Vdcp)iLt} fe^uf ^-tif. 3^ ^U- (Vcp)^: XI ^ (Vpass)X- ^-<H* r Xl 

<62> 4|£ ifl'c e^o] (WL15W XI, $\ — (WL14)X|fe 

(VcpH 9\7}s\JL, ej-ol (WL13)Xlxr 7i€*y tt cM ^ (VdcpH $17}£M, M-*X*1 
flS. (WL0-WL12)X]tt XI i (VpassH ^ *l7r^£f. °Hr7 r *]3., ^= Bj- 

o] (WLOH ^€ XI, ^1 — Sf-?! (WLl)Xlfe (Vcp)°l ^17>£1J1 > flE. A9l 

r 

(WL2)X|fe 7l#^ (VdcpH *l7 r £)*1, uH*l flH (WL3-WL15)X|fe XI 

^ (VpassH ^ ol7>^t^-. ^2= SKI (WL14)<X XI, 5^1- (WL13, 

WL15)X|fe (Vcp)<>l 9l7}S\JL, ^= 5r^l (WL12)Xl^r 7]#^ 

(Vdcp)°l < ?17>£1tX, M-tX^I ^1= 5}<y-i- (WLO-WLll)XI^- Xi^ (Vpass)°l AA 91 
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7}^ 4. £1 — ^ (WLlH n, 3^ (WLO, WL2)oim Tit"^ 

(Vcp)°l ^ ^sU, e}<y (WL3)°flfe a oM (VdcpH ^7>sl 

^, q-^^] <jqc e^-fr (WL4-WL15)<^ sfli (VpassH AA QA^A. 
1- (WL3-WL13) ^ *W Hl« WL13)7V , 3^ ^ (WL13) 

o) $o)^*v cqc (WL12( WLU)^ 711-^ (VcpH ^ oly^JL, = 

s]-o}# (WL12> WL14W 44 (WL11, WL15H^r w o v 4 ^i^ 

(VdcpH 44 917}^^, M-^^l ^ — ^Sl* (WLO-WLlO)^l^ ^ (VpassH 44 

<63> flc HS-ZL^ (VpgmH ^^71 ol^ofl, ^Ifl^ °}EL A°d^ 

4 B^l^^ J^-fr 7])o}^$] 7l€^ (Vcp)-i: ^^xt 91^ 

4 ^€ -r^ — 4<?1°-S SSZL^ (Vpgm)ol o]7l-m ^, ^€ flS. 4^ — 

S.ZL^€ 4 E^liBl^ Ei^ ^Sj-^l ^^fe €317} «o V ^ 



< 64 > £ 5^ ^ 1k*$2\ 3.Q itH-^i^ ^ 4^ €°J- 

7] 3tb *4 BM^S^. ^6|) rt^ uflc^ S.^X\ v\]3-Z\ HSZ^ 

401 5s&^<$ 2]4*M °1*> -SMI*1 Sl 0 14. °1 § >, = DflS-sl ^ 

°fl "g^fe a lS 4<?1^§- "^i^^ «1B e}^" 0 ^ %i s> ji , HS-ZL^ ^411 ^12-^1 
cg^s}^ t)]H 4<y^§- "wl^d^€ «1B 4 < y , '°l4 ^*V^. p}t7MS, *\}S- 
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ol»olEj. %#5L, 4*1*1 flH Z}-Z}- "til^^^ fl= H}o]»c*1^ ^t}-. o^H, 

<65> v*z\ t t i Al^oflAi, ^Hj^ a]B 5fo] (ofli- BLOHlfe OV^l 3*1 91 

7}s\jl, alH e^<y Hit- 1-^, BLlHfe- (VccW *l7}^tf. 

e^-tl (SSLHzr 341 (VccW $]7}iU ai^ ^oj (GSL)ofl^ 3*1 3«g- 
°1 ^7>^cf. ±ii Bl-o] (cSLHfe ^ (Vcc) 3*1 3<3-o] ^g-^x}. 

3 tl ^ t2 t^HH, $|H e}ol H# t:^, WL13H ^<?13t!- 27fl£l 

al^^^l ^H. e^-oll- HH- #13, WL12, WLUHfe (VcpH 44 o]7>slJl 

, *-H*l wl^€ $| = e^-oil- Ml- 1:^, WL0-WL11, WL15)^1^ sfl^ (VpassH 
44 91AQA. S&^, £ 6^M ^Ajo S \3\9\- Qo) t ej-^s. (WL12( WL14) 

44 91^ £} — 4^1: (WL11, WL15)^1^ Vpass tfl^H 0V7> ^ 

<66> AjE» 2^.0] (SSLHl £Q (VccH <?]7>£l7l n&o\], Hl^^Sl HjE ^ 

<?1 (BL1H1 914.$. B^*!^ (SST)^ ^-^-i7f (Vcc-Vth) (Vthb iS^ 

\t£ (Vcc-Vth)^] ^^^4. til^ifl^ 4<tl (BL1)°)] <a^^ iS^ a^bM e 

3l4i^ (SST)7l- *KKiEfe ^-^.H)£)7fl t!:4. t2 ^aflA^ al^iijsj = ^-ojs. 
(WL11, WL15)^ 3^ Vpass #°*HH Vdcp ##-2.5. t3 ^l^H, 

$1 = A9l (WL13H E£IL3« (VpgmH 91?}^. 

< 6 7> a f t3 Al^oilA^ a} ens} e).oi (WL13)^1 ^l'?!^*!: 27fl<^ wl^i^^ ej-<?l 
1- (WL12, WL14)<Hlfe (Vcp)ol AA 9l7\^3L, QE. ef°J# (WL12, WL14H 
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AA $\— A°A^: (WL11, WL15)<*H^ ?H-*8 h o v *1 (Vdcp)°l 

o] 7 ].^cf . uj-^^l yl^iH^ ej-ol-i- (<^11- WLO-WLlOHlfe sfl^ ^ (Vpass) 

10VH AA °AAQA. ^ A9l (WL13)°fl ^ (Vpgm)ol 



<68> 



V fB = ro*. V B2m (WLl3)+ Y^YuVaWLV) + 7 m o7feV CI) (WU4) 

[^r^H 8] 

<69> ^7}*\, Vcp(WL12) ^ Vcp(WL14H 0V2.A ^ sfl^ ^ (Vpass)^ 

<70> *r*H 8^H -id^ -t^I — (WL13H ESa^ (Vpgm)<>l 

<71> 

9] 

<72> £ 2<>1H ^€ iH-^-i^ H o v ^ ^4-, (VpgmH °AA^y] 

(VpgmH 9l7}$\7] o]A*\] flE. 5+^^ ESZ^f 4 H^l^Sl Jf-fr tIMH 

(VpgmH o]7>€ «fl , >g H€*l^-H ^r-n- »HB<*flfe £ 22] ZL^iLA 

v\ fe£ A^°] "rrS-QA. AAA , is^^l € H^l^&l^ ^ ^elfe 
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^]7\ -tf^th °l«fl, HSn^ <i *fl\t 0 >2fl^ 

10^ ^cf. 



<73> 



v J^-Vth , V Dgm , C t 2Vc C, 



10] 



< 74 > 8 9°1H t € -t-tt ^1°1H^ # 

^ (VcpHl Sl*(H £ 7<H1 S.Al2E)<H £ 7^1 £Al^ 

ZLEflH^- oflS-S] -t H^l^s] i3flo|A^ SiN ^^S)JL, 7flolH (gate 

length) ^ 7flo]B-7flolB #3 (gate-to-gate space) ^ 0 . 12 (m°] 3- ■ 
(polysil icon height)^ 1200A°l2Hr «HM , BSZL^ (Vpgm)°l 14.7V°lJ2. 

#4 5)^- HSZLS§ A}o]^ (5E^ ^S)n>cf 0.5V*! ^7>£l ISSP °l-§- 

<75> £ 7ofl J£X|)g ti>^ ^-o] ; t^S.^ ^oj- (Vcp)°l ^7>1H ttj-g^ £12^ 



#±Q^r ^ 9X^. <« 2V^ #31^- ^la.^ 

Tj-f , ?\s.i$ (Vcp)°l 10 V<H 11^ HSZL^ A>ol# (se^ 

^^ElJl (VcpH 0V13 nfl 14«i^ HB3.^ aH#°1 ty^Q 

3 cj^^ ^ oicf. o]^ s ^ i^-i: 6l-§-^ #efl^l 
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^ ^ojE #23 oj fOf^^ ^SflAl^ti. 

<76> £8^^ Cf^- HSZISH tij-^ofl *W 21-0] 2:?d^ J±<^^ -£ 

WL13H1 S^^t!: *l4d^i€ 5^1- (WL12, WL14)oflfe ^1-^ (VcpH Sl7}sq 

jl, ul a] em ^ = 5}<y# (WLO-WLllHfe sfli (VpassH ^]7>^rq-. 

^ ^ (Vcp)£ sfli (Vpass)iL4 fetj-fe 7\]4\f>}T& , 5. 8*11 5lX\& SSa^ 

<*|7H ^^^cf. (Vcp)-i: ^Tfl HSa^f >i H 

^l^E^ -SfL-fj- TflolS^l S.^} ^ HSZL^ 

-efl^ 6 >M^ ll^-e^ HSn^5}fe c)l s.^- A>-g-^ ^ ojcf. ^ , 

^-f , "11", "01", "10", ZLElJL "00"# ^S-ZL^^- nil SS^^ ^<y- (VpgmH " 

01", "10", "00"s] H^n^ ^7fl ^^§^4. *>^l^r, 711-^ 

(Vcp)^: z]" ^^l^i ^<H*}711 ^1^4. ^^-efl^ wj-i^^. U.S. 
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Patent No. 5,768,188^1 "MULTI-STATE NON-VOLATILE SEMICONDUCTOR MEMORY AND METHOD 
FOR DRIVING THE SAME"eHr 9X^ , 3)^ B d^ 5.^4. *^ v € 3- 

"14. 

^^)^B\^o\] OV^.4 ^ ^-1: ZL^jI ^^^^1 "A 5-3 € H^l^-M 

^Att ^ $X^. ^T, % 3^ SSZL^ 
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[4^*o V 1] 



41 ^^£)JL Efl-§-*Kr 4^ 441:^ 44 ^12-4 ^ B^li^tt 

AE^tf £f5}H -i- r&s-Sfl ^12.4 4^1 ^ 444 : 

444 2 4<=l 44^3. 44* 34 £ ^>M-4 *)1 2 4^ e*SH 

^4^4 4 3 4 s. 44^ 44 #°*M- 44 ^*Hr 4314; 

44 »i i 4= 44°.s 44-8: 431-1- A oM Ht-^ 

44^ 44 44 4°^^ fe£ 4* ^-^-^s HSzl^ 4^. 

2] 

444 4h. 4<yi:^^ ^ ^1^°! 443 4* ^-4-^-5- 4^ ss^l #4 . 



3] 



4 2 %H1 444, 

4-71 -t1#^ 44£r 471 44*14 ^44 4^ 4-8: ^-4 4fe 



4^. 



4] 



*il 3 %H1 $l<4^i , 
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l^^t 5] 



EM 



XI 4 %H1 

^71 Xl 1 34 X| 2 (Vcc-Vth) (Vthfe #4 Xl 1 ^ 



XI 1 %H1 9X°]*\, 

AJ-7] DflS.el ^ B^l^l" 44^: tfl o] E-1 1- 4#*Hr 3* ^"3 -2.3. 

7] 

XI i %H 

#7l cflH.el 4 H$4^1: 44£r ^^-tilH cflolEil- 44*Hr s - 

[^T 1 * 8] 

XI 1 %H1 5a°H, 
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l %H] 8l°H, 

#4 #4 34 4°*m4 ^ *3£-3. *Vfe BBZL^ «o^. 

[^^g- 10] 

tfl-g-^fe- «1B 4°J : t 0 l) 44 <a^3£)^, i g *fl 2 2.^4^41- Aj-o]<H] 

4tt iBltt BW^r 1- aViE*)] ^l-S-^ 4*1^ H^n^ «J-*H Sa°H: 

BSZL^ll v\]3.z\ a B^4^4^ *11>i-g: *ll 1 4^5- n.z]JL HSa^ #4 

#7] >i B^4^4°fl £^4^ A 1 4 — 4"?H ^^l^tl- 27fl 

*fl 2.4^ 4^1:5. 4<^M-, #71 *ll 2 4 — 4^1# C> 11 44 27fl4 

A] 3 fls. 4 < ?i»B a o v 4 =1^3- 4^4 4— afli 4<?M- 4 

#4 1 3 = 44B5. £^3^ 4"?M: ^*Hr ^7^11- B^44, #7l ^#^y 

w o v 4 4°« v £r #71 tSI-^ 444 #71 afli 44B4 zi^Ji #71 ^f-^ 
#4 4^ 444 -§-^444 ^ B4 ^ ^J* ^-4BB <#^. 

11] 

^1 10 *M 5^4, 

#4 1 ^4 444^ #4 ^1 2 44^: (Vcc-Vth)' (Vth^r #7l z\) 1 ^ 

i» B 314^4 ^ 44)4 3-8: ^ as. 4rr bszl^ 
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[^^%V 12] 



*fl 10 IN Stl*H-H . 



#71 



13] 



*H 10 %N &<>H, 

#7l ofl2.&l 4 H^^l^-i- 44^ M-tilB cfl °1 E i I" 4^Kr ^^£-3. 
14] 

10 



[^% v 15] 



*fl 10 %N 5a°H, 



16] 



cfl-g-^ $1 = eKl*°fl z}-z| o^sq^ *flJ2.4 -f B314^ 
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^-7] HS.ZL^€ ollS-el >i BSH^&N 4 1 ^ ^91^^ 27fl 

^ 3 ^.e. 4*11-3. «o v ^i € < a-*, ^^-u ^) — 4^1:5. 4 

17] 

Tfl 16 iHl 5a°H, 

#7l ^1 1 ^IM^- ^1 2 (Vcc-Vth) (Vttvb ^7] z\] 1 *I 

18] 

^1 16 SX*]^, 

^7} nfl5L&l ^1 B^l^l^ 44£r l-«lB 3] E-| # ^ 4^ 3* ^^3. 

19] 

*11 16 *&°\] 9X°]*\, 
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#7] oil 2.3 -t H3S*1^E1S ^^-tile c-i] o) e-| 1- ^ ^t}^ ^-g: s-^^-S. 

20] 

16 %H1 SWi, 

#7] 7i#^ ^1 3*1 ^"i- ^S-S-S *Hr ^ • 

[^^J- 21] 

*fl 16 SX°]^, 

#71 7i#*y 3*1 ^ ^-^^-S. ^ 

[^T 1 * 22] 

^ AE^tf i*}-*}^ 1: tiVE*)l °ll2-&| HS-^L^ y o V ^°fl ^I°i A i : 

^ oil 2. >i B^l^i^ ^^-1: 2 ^I^s. q-zj- f^s}^ ^tII^; 
ols. ^>q-2l 2 ^.e. sl-^AS ^1-^ zLelJi M-^^l = ^°Jl-s 

#7l 1 £1= 2}ol ES^^ ^•^•^ ^-Tlll- 5L^H, #7l ^1-^ 

#7l sfli ^ o 0-4 ^H^M- n. iH} ^ ^t- ^-5.^ *H=- HS-zl^ « c v^. 
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23] 

*fl 22 9l°]*\, 

^7] A 1 Qx) 3. A 2 *l°J-£r (Vcc-Vth) (Vthfe A 1 4d 

24] 

^ 22 ^Hl 

25] 

4^ 7fl^ u]h 

Align H^*]^£i, n^Jl ^-71 H^^l^-i- *}o]d\] <3^£}jl cfl-g-^ 

#7l iB^ ej-^i , ^-71 fls. e-j-^l:, *m e}«?H 
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oil , *S *m 5)5.^ ^-7] l ^= hI-^I ^^l^tb *>M-^ *fl 2 ej- 

ojo S ^oj.^. ^-71 ^ 2 e^ofl ^1 3 h}^^-^ 7i 

[^U- 26] 

all 25 5a°H, 

^-71 *fl 1 ^*1 ^SM^I all 2 (Vcc-Vth) (Vth^ A oM ^1 1 ^ 

1% H^^l^E^ ^ ^oj-)o] «- HV^^l 

[^D- 27] 

all 25 %H1 

#7l ^12-^ ^1 H^^l^Eil- ^Z|-8r CI] Ol 1- X^V^ # ^ ti>£^l 

28] 

all 25 

^-yl t^]2.e] ^ S ^xj^Eil- z]-^ ^E^-wle dl o] Ei 1- aH v *Rr 1- fl^Md «VE 

43-33 



1020020064767 



^ 2003/5/3 . 



I^U" 29] 



all 25 *M 31°]*}, 

^7} u oM 3*1 €^^1 I" ^2.^ 



30] 



^ 25 %hi 5fl°H . 



31] 



*fl 25 &°]*\, 

^s.*y ^<y.o. A o > 7 i 3fli ^*>7|4 ZL Jit* ^ 1: 



32] 



afl 25 %H1 ^<H^, 



[3t^ 33] 



7fl^ win 



^>7l UlH 3**1**11 Z*Z* ^^Sl^r 7fl^ 4 ^^t4; 
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^•71 iS^ e}tl, ^-71 $| = Bf<?l#, ZLElJl ^"71 3*] AjE» 

^1, ^71 ^ *m 2]Sfe #7] *|] 1 $1 = 5}<>H ^>4^ *i) 2 5} 

°J1S 7i#^ *I°H; ^Sl-ZL M-^^l 5K11-3. ^oj-g. ^.4 £j ^S. 

^ ^7] sfli -g^MM- n ^4 1- te^l 

l^U- 34] 

33 ^^H, 

#7) ^1 1 ^ ^«a-olji ^-71 2 (Vcc-Vth) (Vth^ #7l 1 

35] 

33 A^H, 
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[S. 1] 

(#211 7|£) 




BL0(£tS|) BL1(t»l£W 
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[£. 2] 




BLOC^) BL1(U|*!H|) 
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I 
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CD 



us 



03 



CD 



CO 




CO 



CO 



N> 



3+ 



CO 



CO 



CO 



at 



a> 




3t 



en 



CJi 



C71 




ro 



83 



Eg 



O 

CO 



8 



ro q ^ cn h 



U3 
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6] 



SSL 



WL13 



WL12, WL14 



WL15, WL11 



WL0-WL10 

GSL 
CSL 

BLO 
BL1 



f 



■J 





Vpas3 



V 



to t1 



t2 t3 



Vcc 



Vpgm 



Vcp 



Vdcp 
Vpass 



OV 
Vcc 



OV 
Vcc 
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7] 



ISPP PGM Speed 
(Vpgm=14.7V start 0.5V step 15us pulse) 



1 



-1 



-2 



-3 




0 



[5. 81 



SSL 
WL15 
WL14 
WL13 
WL12 



WL1 

WLO 

GSL 
CSL 



OV 



10 



II 



Mm 51 



Vcc 



|r-lsST 


if-'sST 


Vcc 


IIl M15 


j|pM15 


Vcp 


Hp" 14 


||HM14 


Vpgm 


IIL M13 


IIL M13 


Vcp 




jiHM12 


Vpass 


• 
• 

n[j Mi 


• 
• 
• 


• 
• 
• 

Vpass 




HEp — 

tt^— 


Vpass 


IL 6ST 


IL GST 


OV 






vcc 









15 



Vcp=OV 

Vcp=2V 
Vcp=4V 



— Vcp=6V 
Vcp=8V 
Vcp=10V 
Vcp=12V 



BLO( -fd m ) 



BL1(ti|£!9|) 
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[5L 9] 



SSL 



WL13 



WL12, WL14 



WLO-WL11, WL15 

GSL 
CSL 

BLO 
BL1 



r 



t 



to t1 




t2 t3 



Vcc 



Vpgm 



Vcp( >Vpass) 



Vpass 



0V 
Vcc 



OV 
Vcc 
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